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© Capacitor and process for producing same. 



© A capacitor comprising a multiplicity of needlelike metal particles (1) dispersed in a synthetic resin film (3) 
and so oriented that the axes thereof are positioned in parallel to the surface of the film, and an electrode (4) 
provided on each of opposite surfaces of the synthetic resin film, the metal particles (1) having a diameter of up 
to 0.1 urn, a length 5 to 10 times the diameter and a specific surface area of 30 to 100 m?/gr and being covered 
with a dielectric oxide (2) over the surface thereof. 
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BACKGROUND OF THE INVENTION 

The present invention relates to capacitors. 

Various fixed capacitors have been proposed which include aluminum electrolytic capacitors, tantalum 
5 capacitors, ceramic capacitors, organic film capacitors, metallized organic film capacitors, etc., whereas 
capacitors of smaller size and greater capacitance are further required. 

SUMMARY OF THE INVENTION 

w The main object of the present invention is to provide a capacitor which is smaller in size, greater in 
capacitance and less costly than existing capacitors. 

The present invention provides a capacitor which comprises a multiplicity of needlelike metal particles 
dispersed in a synthetic resin film and so oriented that the axes thereof are positioned in parallel to the 
surface of the film, and an electrode provided on each of opposite surfaces of the synthetic resin film, the 

75 metal particles having a diameter of up to 0.1 urn, a length 5 to 10 times the diameter and a specific 
surface area of 30 to 100 m 2 /gr and being covered with a dielectric oxide over the surface thereof. 

The capacitor is produced by dispersing a multiplicity of needlelike metal particles in a synthetic resin 
in a molten state or in the form of a solution, the metal particles having a diameter of up to 0.1 urn, a length 
5 to 10 times the diameter and a specific surface area of 30 to 100 m 2 /gr and being covered with a 

20 dielectric oxide over the surface thereof, forming the resin having the metal particles dispersed therein into 
a thin film, applying magnetic fields of the same polarity to the respective surfaces of the resin film to 
thereby orient the metal particles so that the axes thereof are positioned in parallel to the surface of the 
resin film, curing the resin film in this state, and providing an electrode on each of opposite surfaces of the 
resulting film. 

25 With the capacitor of the present invention, the needlelike metal particle having its surface covered with 
the dielectric oxide serves as a capacitor by itself. Since a multiplicity of such needlelike metal particles are 
dispersed as oriented in the synthetic resin film, which is provided with the electrodes on the respective 
surfaces thereof, the film in the form of a single layer has many capacitors as arranged in layers therein. 
The present capacitor is therefore compact and yet has a great capacitance. The capacitor is reduced in 

30 cost because inexpensive materials are usable. Furthermore, the process for producing the capacitor 
requires no high-temperature treatment and can therefore be practiced at a lower equipment cost and 
reduced energy cost. 

The present invention will be described in greater detail with reference to the accompanying drawing. 
35 BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a diagram showing the construction of a capacitor embodying the invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 

The capacitor shown in FIG. 1 comprises a multiplicity of needlelike metal particles 1 covered with a 
dielectric oxide 2 over the surface and dispersed as oriented in a synthetic resin film 3, and electrodes 4 
provided on the respective surfaces of the resin film 3. 

The needleiike metal particles 1 have a diameter of up to 0.1 urn, a length 5 to 10 times the diameter 
45 and a specific surface area of 30 to 100 m 2 /gr, and can be obtained easily, for example, by reducing needle 
crystals of a metal oxide or hydroxide. The diameter, length and specific surface area of needle-like metal 
particles 1 are limited as stated above because if dimensioned otherwise, metal particles fail to give a 
satisfactory capacitance. 

Needle crystals of a metal oxide, hydroxide or the like which are up to 0.1 urn in diameter, 5 to 10 
so times the diameter in length and 30 to 100 m 2 /gr in specific surface area can be prepared by neutralizing 
an aqueous solution of metal salt such as iron sulfate, iron chloride or iron nitrate, with an aqueous solution 
of caustic soda to form a hydroxide while introducing air into the neutralization system. Needle crystals 
which are uniform in shape and size can then be obtained. 

Examples of useful metals are iron, cobalt, nickel, chromium, copper, etc. 
55 Examples of dielectric oxides 2 having a great dielectric constant are Si0 2 , Ti0 2 , PbO, etc. 

The surfaces of needlelike metal particles 1 are covered with a coating of dielectric oxide 2 having a 
great dielectric constant by dipping the metal particles in a solution of an organic Si compound, organic Ti 
compound, organic Pb compound or the like, drying the particles and thereafter heating the particles at a 
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high temperature. 

The needlelike metal particles 1 thus obtained, i.e., those having a diameter of up to 0.1 urn, a length 5 
to 10 times the diameter and a specific surface area of 30 to 100 m 2 /gr and covered with the dielectric 
oxide 2, can be fixed as dispersed in the synthetic resin film 3 and as so oriented that the axes of the 
5 particles are positioned in parallel to the film surface, by dispersing the metal particles 1 in a film forming 
synthetic resin in a molten state or in the form of a solution, thereafter forming the resin into a thin film of 
desired thickness, applying magnetic fields of the same polarity, i.e., those of N-N pole or S-S pole, to the 
respective surfaces of the thin film before the film . solidifies to orient the particles 1 horizontally, and 
thereafter solidifying the thin film. 
io Examples of useful film forming synthetic resins are epoxy resin, polyurethane resin, polyvinyl alcohol, 
polyvinyl butyrai, ethyl cellulose, acrylic polymer, etc. Such resin is usable as it is, or when required, a 
solvent, plasticizer, dispersant, etc. can be added to the resin so that the resin can be formed into a film 
efficiently with the metal particles dispersed therein satisfactorily. Examples of useful solvents are acetone, 
toluene, methyl ethyl ketone, methanol, ethanol, water, etc. Examples of useful plasticizers are polyethylene 
75 glycol, phthalic acid esters and the like. Examples of dispersants usable are those conventionally used, 
such as glycerin, ethyl oleate and monooleic acid glycerin. 

The film forming synthetic resin in a molten state or in the form of a solution is made into a thin film 
generally with use of a doctor blade. Although it is suitable that the film be 4 to 5 urn in thickness for use in 
single-layer capacitors, the thickness is not limited to this range. 
20 The synthetic resin is solidified at a temperature which is suitable therefor and which is usually in the 
range of room temperature to 120° C. There is no need for a high temperature. 

The electrodes can be provided on the respective surfaces of the solidified film by a known method 
such as plating or thermal bonding. 

The present invention will be described in greater detail with reference to the following examples, 
25 which, however, in no way limit the present invention. 

Example 

An aqueous solution of ferrous sulfate was neutralized with an aqueous solution of caustic soda to form 
30 ferrous hydroxide while bubbling air through the neutralization system, whereby needle crystals of goethite 
(FeOOH), uniform in shape and size, were obtained. The product was reduced with hydrogen, giving 
needielike iron particles which were 0.01 urn in diameter, 0.1 u,m in length and 50.7 m 2 /gr in specific 
surface area. 

The particulate iron was immersed for 1 hour in a solution (concentration 3%) prepared by diluting an 
35 organosilicone compound (ATORON NsiSOO, product of Nippon Soda Co., Ltd.) with an acetic acid ester, 
then dried and thereafter heated at about 600° C for 2 hours to obtain needlelike iron particles coated with 
SiOa. 

Table 1 shows the magnetic characteristics of these particles. 
40 Table 1 



He 


880 Oe 


aS 


122 emu/gr 


ar 


61 emu/gr 


ar/aS 


0.50 



The coated particulate iron was dispersed in a liquid epoxy resin, which was then formed into a 1-um- 
thick film using a doctor blade. With magnetic fields of N-N pole applied to the respective surfaces of the 
so film to orient iron particles horizontally, the film was cured at 100 to 120° C. The cured film, 1 am in 
thickness, had the particles as oriented horizontally in 60 to 100 layers. 

Twelve pieces of the film were laminated with a comb-shaped electrode interposed between the 
adjacent layers, a paste containing a copper-nickel alloy as an electrode material was applied to opposite 
surface of the laminate and dried, and the resulting laminate was heated at 600° C to form external 
55 electrodes. The laminate thus prepared was about 1 .5 mm in thickness. 

The product was cut into chips measuring 3.2 ± 0.2 mm x 1.6 ± 0.2 mm, and the chips were tested for 
characteristics with the result listed in Table 2, which also shows the result obtained by similarly testing 
conventional ceramic laminate capacitors of the same size as the chip. 
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Table 2 





Capacitance 


Product of invention 
Conventional product 1 
Conventional product 2 


100 UF 
10 UF 
1 U.F 



Table 2 reveals that the capacitor of the invention has 10 to 100 times the capacitance of the 
10 conventional ceramic laminate capacitors of the same size as the former. 
The abbreviation "gr" means gramm throughout the specification and claims. 

Claims 

75 1. A capacitor comprising a multiplicity of needlelike metal particles dispersed in a synthetic resin film and 
so oriented that the axes thereof are positioned in parallel to the surface of the film, and an electrode 
provided on each of opposite surfaces of the synthetic resin film, the metal particles having a diameter 
of up to 0.1 am, a length 5 to 10 times the diameter and a specific surface area of 30 to 100 m 2 /gr and 
beinq covered with a dielectric oxide over the surface thereof. 

20 

2. A capacitor as defined in claim 1 wherein the needlelike metal particles are prepared by reducing 
needle crystals of a metal oxide or hydroxide. 

3. A capacitor as defined in claim 1 wherein the needleiike metal particles comprise a metal selected from 
25 the group consisting of Fe, Co, Ni, Cr and Cu. 

4. A capacitor as defined in claim 1 wherein the sythetic resin film comprises a substance selected from 
the group consisting of epoxy resin, polyurethane resin, polyvinyl alcohol, polyvinyl butyral, ethyl 
cellulose and acrylic polymer. 

30 . 

5. A capacitor comprising a multiplicity of needlelike metal particles dispersed in each of a plurality of 
superposed synthetic resin films and so oriented that the axes thereof are positioned in parallel to the 
surface of the film, and an electrode provided on each of opposite surfaces of each synthetic resin film, 
the metal particles having a diameter of up to 0.1 am, a length 5 to 10 times the diameter and a 

35 specific surface area of 30 to 100 m 2 /gr and being covered with a dielectric oxide over the surface 
thereof. 

6. A process for producing a capacitor characterized by dispersing a multiplicity of needlelike metal 
particles in a synthetic resin in a molten state or in the form of a solution, the metal particles having a 

40 diameter of up to 0.1 am, a length 5 to 10 times the diameter and a specific surface area of 30 to 100 
m 2 /gr and being covered with a dielectric oxide over the surface thereof, forming the resin having the 
metai particles dispersed therein into a thin film, applying magnetic fields of the same polarity to the 
respective surfaces of the resin film to thereby orient the metal particles so that the axes thereof are 
positioned in parallel to the surface of the resin film, curing the resin film in this state, and providing an 

45 electrode on each of opposite surfaces of the resulting film. 
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